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INTRODUCTION 
A program in integrated design, NDE, and the manufacturing sciences at 
the Center for Nondestructive Evaluation is developing a system that 
assesses the inspectability and reliability of mechanical structures from 
a description of their geometry, materials, and performance requirements. 
Part of this effort involves using techniques of artificial intelligence 
(AI) to integrate the various components. An Intelligent Design Assistant 
(IDA) couples the design team to CAD, stress, inspectability and 
reliability models and provides expert advice on how to improve the 
performance and reliability of the manufactured part. 
Rather than being limited to a single AI technique, IDA is constructed 
around an architecture which can take advantage of advances in rule-based 
expert systems, neural networks, Taguchi-type analysis, and case-based 
reasoning. IDA works by deploying a family of distributed AI modules, 
each of which uses a single technique to criticize a given design from a 
focused perspective. For example, one module might use a collection of 
heuristic rules to make recommendations about how to improve the eddy 
current inspectability of a structure while another module might use a 
neural network to test assertions about how to improve ultrasonic 
inspectability of the same design and so forth. These modules live as 
opportunistic, semi-autonomous agents on a network of UNIX workstations 
running in parallel whenever possible. 
OVERVIEW 
IDA, the subject of this work in progress, is itself part of a much 
larger and more ambitious program involving the National Institute of 
Standards and Technology (NIST), Iowa State University (ISU), and 
Northwestern University. A major component of this effort involves the 
development of complex simulation models that predict the probability that 
a flaw, if present, will be detected using the standard NDE techniques of 
radiography, eddy currents, and ultrasonics [1-4]. These models, along 
with models for stress analysis, work off a CAD-level representation of 
the geometry before the part is ever reduced to solid form. In this way, 
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Fig. 1. The design environment. 
designers of mechanical structures can consider inspectability on an equal 
footing with stress, material, and manufacturability concerns. A 
reliability model [5] which takes into account the predicted probability 
of detection (POD) for the inspection techniques, fatigue failure 
properties of the part, and in-service inspection schedules (and 
associated costs) further guides the design team into making design and 
inspection choices that maximize safety and minimize life-cycle costs. 
All of these elements and integrated into an enhanced design environment 
as shown in Fig. 1. 
The models and their creators reflect highly specialized pockets of 
expertise which are distributed with respec.t to time and location. IDA is 
the "intelligent glue" that couples the design team to these specialized 
pockets of knowledge. IDA claims to be intelligent in that it makes use 
of proven AI techniques to provide coherent advice to the design team even 
when faced with conflicting advice genera ted by the different models 
representing different NDE techniques. IDA does this by deploying a set 
of design critics and then resolving their differences in a hierarchial 
fashion. 
IDA Architecture 
Figure 2 illustrates the top-level IDA architecture. At the beginning 
of the design proc~ss, the design team interacts with a constraint 
manager, IDAM, to identify and quantify external and internal constraints 
imposed on this design. For example, the design team might identify a 
part diameter to be fixed at lOmm to prevent the design critic modules 
from examining scenarios where the diameter is varied to improve 
inspectability. Throughout the interactive design process, the design 
team communicates with the process model (IDAG) via a special system 
control panel which provides aglobaI view of the design status, even 
though the process itself is distributed over a network of UNIX 
workstations, and which provides advice to the design team for improving 
the quality of the end product. 
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Other critics such as IDA for Stress (IDAS), IDA for POD improvement 
(IDAP), and IDA for Reliability (IDAR) exist to examine and critique the 
given design from their narrow focuses of stress, inspection, and 
reliability, respectively. 
POD models simulate the inspection process itself to produce 
quantitative measures of detectabi~ity. In the past, these models have 
been run in stand-alone fashion. The contribution of this project is to 
integrate them into a single design process using intelligent design 
critics that seek out the model knowledge and then augment it with expert 
systems, neural networks, and Taguchi-types of analysis in order to bring 
theoretical, heuristic, and statistical techniques to bear on the problem 
of making structures which are more reliable and cost-effective. 
IDA for POD (IDAP) is activated with a single request from IDAC to 
provide advice on how to improve inspectability for a particular 
structure. IDAP focuses just on inspectability leaving the issues of 
stress and reliability to other critics. Because even this focus is too 
large, IDAP in turn activates four agents of its own, each of which 
focuses on one particular NDE technique: ultrasonic surface waves, 
ultrasonic bulk waves, radiography, and eddy currents. Results from each 
critic are then written to a blackboard. When the listener function 
detects the receipt of all the requested inputs, it activates the conflict 
resolution mechanism and causes a summary report (along with supporting 
data) to be sent back to IDAC for subsequent presentation to the design 
team. Conflict resolution is required here because each NDE technique may 
"suggest" a different approach to improving detectability for its 
particular technique. For example, the eddy current critic may suggest 
relaxing a radius of curvature for a region where the generated eddy 
current scan plan detects an inability to position the probe at the 
optimal orientation and distance from the surface. For the same design, 
the x-ray critic may suggest a more uniform thickness for the part to 
prevent some areas of the film from being overexposed. For this extremely 
simple example, the conflict resolver might choose to emphasize the eddy 
current approach if predicted POD for eddy currents is 0.96 compared to a 
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predicted X-ray POD of 0.50 and there are no constraints to prevent 
suggestions for modifying the radius of curvature. In other cases, the 
advice might be not to modify the design geometry, but instead to relax a 
constraint on an inspection parameter, such as scan plan spacing or even 
to suggest different material for the part. 
But even this focus along NDE techniques is too broad since it assumes 
the existence of a single AI technique which will work weIl in a wide 
range of situations. Rather than accommodate the notion that one AI 
technique fits all, IDA elects to utilize multiple AI techniques. The 
difference is analogous to consulting a committee of experts (who may 
offer differing advice) rather than a single expert. For example, a 
single request to generate advice for improving eddy current 
inspectability generates arequest for expert criticism from a number of 
design critics: 1) the eddy current POD model which is the source of the 
theoretical or deep knowledge representation of the problem, 2) a 
"Taguchi" critic which uses past designs to create an experimental matrix 
to calculate optimal design and inspection levels for this design, 3) a 
neural network critic which probes a neural network trained from past 
designs to detect optimal design and inspection strategies for this 
design, 4) an expert system critic which uses heuristic rules gleaned from 
human, experts and past designs to predict which changes might be the most 
beneficial, and 5) a critic employing a case-based reasoning approach. It 
should be mentioned that within this framework we already devised a new 
approach whereby the operations of a Taguchi critic are coupled with that 
of a neural network. This integration of the two techniques has proven to 
be quite valuable in that it extends the power of Taguchi experimental 
design methods [6]. 
SUMMARY AND FUTURE DIRECTIONS 
We have briefly defined a system which is based on multiple NDE 
techniques and multiple AI strategies to decrease our dependence on any 
one technique or strategy. Consider the analogy of an editor putting 
together a collection of papers on a single topic. The call for papers 
goes out, the resulting inputs are edited, and the collection is presented 
to the reader along with apreface that summarizes the work. IDA follows 
the same general model of calling for inputs from a collection of authors 
and then preparing a summary of those inputs before presenting them to its 
readers, the human design team. 
The narrow focus of each design critic greatly eases the task of 
implementation and, more importantly, validation. All of the usual 
benefits of modular software design accrue including expansion and the 
ease of adding new critics employing new NDE and AI techniques. The 
implementation of design critics as semi-autonomous agents running in 
parallel across a network of computers allows IDA to generate advice and 
test assertions interactively. 
Future work in this area includes more detailed implementations of the 
agents already identified, the use of negotiated resolutions in parallel 
with hierarchial conflict resolution, and the possible inclusion of 
case-based reasoning techniques to the inventory of AI strategies. 
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